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Abstract 
Experimental tests were conducted to monitor vehicle air-conditioning system in real life using hydrofluorocarbons 
(HFC-R134a) and hydrocarbon refrigerant as the working fluid for the compressor. The major variable for this study 
is vehicle speed. The tests were conducted on a roller dynamometer using a 5 door A-segment hatchback vehicle with 
a 1.3liter petrol engine to stimulate an actual vehicle on a level road with HVAC unit operating at a temperature set 
point of 21°C and blower speed at 2. The weight and internal heat load from passengers are taken into considerations 
with ambient temperature of 30°C and humidity of surrounding conditions at 50-65%. The result shows positive 
improvements on temperature distribution and fuel conservation with a possibility to be as an alternative refrigerant 
without any necessity of changing parts in the current system. 
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1. Introduction 
Hydrocarbon is among the new findings by experts to replace the current HFC-R134a as refrigerant 
for air conditioning systems. Hydrofluorocarbon has been used as refrigerant instead of hydrocarbon 
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because hydrocarbon is known for their flammable characteristics, impracticality and are harmful to users 
[1]. Several studies have shown that the usage of hydrocarbons in air conditioning system would improve 
the performance of the system [2,3]. Some common usage of hydrocarbon is in aerosol fillers and heating 
fuels in gas ovens. Hydrocarbon usage for air conditioning system and freezers is not yet common. 
This paper will undertake experimental studies on hydrocarbon mixtures as an alternative refrigerant 
to the automotive air conditioning system in Malaysia. Hydrocarbon mixture used in this work contains 
propane (R290), butane (R600) and isobutene (R600a); also known as automotive hydrocarbon 
refrigerant (AHCR). The research is conducted using a 5-door A-segment hatchback car with 1.3liter 
petrol engine running on roller dynamometer at varied vehicle speed of 50, 70, 90 and 110km/h. The 
temperature set-point is 21°C, 1000W of internal heat load, relative humidity of 50-65% and ambient 
temperature of 30°C. 
Nomenclature 
 
HFC-R134a hydrofluorocarbons  
AHCR   automotive hydrocarbon refrigerant 
COP  coefficient of performance 
HVAC  heat, ventilation, air conditioning 
2. Experiment Apparatus and Method 
 An actual 5-door A-segment hatchback car with 1.3liter petrol engine is used to conduct the 
experiments. The vehicle is run on a roller dynamometer to evaluate temperature distribution and fuel 
consumption of the vehicle to imitate the conditions on level road, complete with blower and fans. Both 
refrigerants of AHCR and HFC-R134a is used to differentiate the fuel usage for the vehicle to run in one 
hour at four different speed of 50, 70, 90 and 110km/h. Thermocouple is placed at 4 different points 
inside vehicle cabin that is at the driver's seat, co-driver's seat, and two more at the passenger's seat with 
accuracy of ±0.1°C. Blower speed is set at number 2 and temperature set-point of 21°C. 10 lamps with 
100W each are put inside the cabin to imitate the internal heat load of 1000W. Data was collected when 
the air conditioning system was considered to be stable after it ran for 5 minute for each testing condition. 
Fuel flow rate meter is used to take the real time reading of the fuel usage of the engine. Refrigerant flow 
rate and pressure is also taken to get the coefficient of performance (COP) of the system. 
 
Fig. 1. Experimental test rig 
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3. Results and Discussion 
Figure 2(a) is showing the relationship between vehicle speed and fuel consumption of AHCR and 
HFC-R134a. Fuel consumption increases as the vehicle speed increases because of the increasing mass 
flow rate of refrigerant, pressure ratio, volumetric efficiency and thermodynamic losses, leading to higher 
compressor work, thus higher fuel consumption. Fuel consumption of the vehicle with AHCR is always 
lower than HFC-R134a from 1.61% to 14.69%. 
Figure 2(b) shows the graph of cabin temperature distribution against time for each vehicle speed. As a 
matter of fact, AHCR has higher cooling capacity which causes temperature distribution using AHCR is 
always nearer to the temperature set-point. 
Figure 2(c) shows the graph of cooling capacity against vehicle speed. As the engine speed increases, 
the compressor speed is also increased as the compressor is directly driven by belting system taken from 
the engine crankshaft. The mass flow rate increases as the speed increases, therefore the cooling capacity 
increases. AHCR cooling capacity is higher at every vehicle speed ranging from 0.86% to 4.14%. 
The COP against vehicle speed is shown in Figure 2(d). COP of AHCR is higher than HFC-R134a up 
to 10.16%. Higher COP indicates better performance of the system. The COP decreases as the vehicle 
speed increases because the compressor work input increases but evaporator heat absorption is at constant 
level. The increment of cooling capacity cannot outstand the increment of compressor work as the engine 
speed increases, making the COP to decrease with increasing engine speed.  
 
 
 
Fig. 2. a) Fuel consumption vs vehicle speed; b) Temperature distribution vs time;  
c) Cooling capacity vs vehicle speed; d) COPactual vs vehicle speed 
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4. Conclusion 
Actual performance effects of using AHCR and HFC-R134a to an automotive air conditioning system is 
obtained in this research. The following conclusions can be produced from the research: 
1. Positive improvements on fuel consumption and performance characteristics in usage of AHCR is 
obtained with higher COP, better temperature distribution, and higher cooling capacity compared to 
HFC-R134a in similar working pressure and working temperature, thus it is suggested to be the 
replacement for HFC-R134a. 
2. The original system of air conditioning system for this experiment is designed for HFC-134a and no 
modification has been done. 
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